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Aim: To investigate the relation between change in systemic blood pressures and change in intraocular pressure.
Methods: This was a population based study of people 43-86 years old living in Beaver Dam, Wisconsin. Measurements at baseline (1988-90) and 5 year follow up of systemic blood pressures, intraocular pressures, and history of use of blood pressure medications. Results: Intraocular pressures were significantly correlated with systolic and diastolic blood pressures at both baseline and follow up. There were significant direct correlations between changes in systemic blood pressures and changes in intraocular pressure. There was a 0.21 (95% CI: 0.16 to 0.27) mm Hg increase in IOP for a 10 mm Hg increase in systolic and 0.43 (0.35 to 0.52) mm Hg increase in IOP for a 10 mm Hg increase in diastolic blood pressure. Further adjustment for diabetes and medication use did not alter these associations. Decreased systolic or diastolic blood pressures of more than 10 mm Hg over 5 years were significantly associated with decreased IOP. Conclusions: Reduced systemic blood pressure is associated with reduced intraocular pressure. This finding should be evaluated in other studies, especially with respect to the possibility of resultant decreased risk of open angle glaucoma. I ntraocular pressure (IOP) has been found to be associated with systemic blood pressure levels in population based studies. [1] [2] [3] [4] [5] [6] [7] [8] [9] [10] The relation appears to be reasonably consistent across the range of values of IOP and both systolic and diastolic blood pressures. It has been postulated that treatment of hypertension may place the eye at relatively increased risk of visual field deficits because of an imbalance in the relation of blood pressure to IOP. 11 This thought has been given credence, in part, because of the clinical dictum that sudden lowering of blood pressure is associated with loss of visual field in some people. 12 Blood pressure increases with age in most populations, and medical intervention has been successful in lowering blood pressure and the subsequent risk of the systemic sequelae of high blood pressure. There are limited data as to whether the moderate changes in blood pressure that often accompany treatment for hypertension are associated with synchronous changes in IOP. We evaluated these questions in data from the Beaver Dam Eye Study.
METHODS
A population based study of people 43-86 years of age (n = 4926) was conducted in Beaver Dam, Wisconsin in 1988-90. Details of the census used to identify and locate study subjects have been published previously. 13 A follow up examination was performed 5 years after baseline (n = 3684). Institutional review board approval at the University of Wisconsin Medical School was granted for each phase of the study. Informed consent was obtained from study participants. The tenets of the Declaration of Helsinki were adhered to. During the study evaluations, blood pressures were obtained according to a modification of the Hypertension Detection and Follow-up Program protocol 14 which entails three measurements, the last two of which are averaged in analyses. IOPs were obtained with a Goldmann applanation tonometer. A drop of Fluress (Armour, Kankakee, IL, USA) was instilled in each eye. The tonometer was set to 10 mm Hg. The measurement was taken as the examiner viewed the mires through the prism. When the end point was reached, the examiner moved the slit lamp away from the eye and recorded the reading. The procedure was repeated for the fellow eye. A medical history was obtained including items about hypertension and other medical conditions and a history of all medications currently used at each examination.
Means, standard deviations (SD), Pearson correlation coefficients, Mantel-Haenszel procedures, and linear regression models were performed using version 8.1 of SAS. 15 Because we have found that both age and sex are related to the variables, analyses were adjusted for these characteristics. In comparing participants to non-participants and in cross sectional analyses of IOP and blood pressure, the relation between IOP and age was not linear, so age was adjusted for in four categories (43-54 years, 55-64 years, 65-74 years, and 75 years and older). All other models were adjusted for age continuously. The distributions of IOP, systolic (SBP), and diastolic blood pressure (DBP) were analysed on untransformed scales in linear regression models. Nonlinearity of any relation was tested by taking the square of the independent variable and testing for significance of the squared term. In all instances, the relations, when they existed, were determined to be linear. Blood pressure medications were analysed by creating a four level categorical variable (never used, baseline only, follow up only, and both examinations). Finally, stratified analyses were conducted with the four blood pressure medication categories and also with changes in blood pressure ((10 mm Hg, within 10 mm Hg, >10 mm Hg). Data are presented for right eyes only.
RESULTS
Those who participated at the baseline and 5 year follow up examinations were younger, had lower blood pressures, and lower IOP compared to live non-participants (table 1) . Those who had died by the 5 year follow up were older, more likely to be men, and had lower DBP than participants. In cross sectional analyses at baseline and follow up, SBP was associated with IOP such that 10 mm Hg greater SBP was associated with about 0.3 mm Hg greater IOP. For DBP, 10 mm Hg greater pressure was associated with about 0.6 mm Hg greater IOP (table 2) . Relations were similar for data from left eyes. The greater coefficients for change in IOP with respect to DBP than for SBP, reflect the larger standard deviation for SBP. Thus, the changes associated with a standard deviation change in SBP and DBP are nearly the same (data not shown).
Over the 5 year interval, increased IOP was associated with increased blood pressure such that an increase of 10 mm Hg in SBP was associated with an increase of about 0.2 mm Hg in IOP, and an increase of 10 mm Hg in DBP was associated with about 0.4 mm Hg increase in IOP (table 2) . The relation between change in blood pressures and change in IOP was similar for those with and without hypertension at baseline. In addition, there were no differences in the changes while considering age, sex, and diabetes status (data not shown). Also, there was no difference in the relation of change in IOP to change in blood pressure across the entire range of blood pressures.
In stratified analyses, there was a mean increase of 0.07 (SD 3.14) mm Hg in IOP over the 5 year interval for those whose SBP was within 10 mm Hg of their baseline blood pressure compared to an increase of 0.44 (3.
In unadjusted analyses, people who were taking blood pressure medications at follow up only had the greatest drop in both SBP and DBP compared to all other categories of medication use. Similarly, the drop in IOP was greatest in those taking blood pressure medication at the 5 year follow up only (table 4) . However, in multivariable analyses of change in IOP, only baseline use (of antihypertensives) was associated with significant change in IOP and this was an increase. Use of such medications at follow up only was associated with decreased IOP, but this was no longer significant (table 5) . There was no effect of taking such medications at both examinations on change in IOP (above that caused by change in blood pressures). The results between the relation of IOP to BP were not altered after eliminating those on ocular hypotensive agents. Ocular surgery (nearly all because of cataract extraction) in the interval between examinations did not alter these findings.
There were 1305 participants at baseline and 1600 at follow up who were taking antihypertensive agents. Of these, 746 at baseline and 903 at follow up were taking only one agent. In addition, even participants taking only one agent often had had a change in that medication between baseline and follow up. In an attempt to determine whether a class of antihypertensive agents had any relative advantage with respect to IOP, we computed changes in IOP as a function of age, sex, IOP at baseline, use of b blockers, use of diuretics, use of other antihypertensive agents, and change in SBP or DBP. We limited our analyses to three categories of antihypertensive agents because numbers in other categories were low. We found greater change in IOP in those taking b blocking agents especially at follow up only (data not shown). However, it may be that using a combination of agents including b blockers may, in part, account for this finding.
DISCUSSION
We have found that change in IOP is directly and significantly associated with changes in systemic blood pressures. This would suggest that treatment of blood pressure might have an effect on risk of developing glaucoma, as IOP is probably the most important risk factor for glaucoma in general populations. We have previously shown that those with higher IOP at baseline were more likely to have larger cup:disc ratio 5 years later. 16 While our findings do not directly indicate a beneficial effect of reduced blood pressure on the risk of glaucoma, they are compatible with that possibility.
Our data do not define the mechanism linking the observations we found. However, Bill 17 demonstrated that variations in SBP resulted in (small) changes in aqueous humour formation, possibly related to increased capillary pressure in the ciliary body. This could result in increased IOP. Blood pressure may affect episcleral venous pressure, which is important in regulating the flow of aqueous across the trabecular meshwork into Schlemm's canal. 18 19 It is also possible that decreased blood pressure may alter outflow facility through some unidentified means. However, the association of decreased IOP to decreased blood pressure may be related to the effect of specific antihypertensive agents that directly affect the formation or egress of aqueous in the eye. Such agents that might have such effects include ethacrynic acid, 20 21 other diuretic agents, calcium channel blockers, 22 selective a agonists, 23 and b blockers. [24] [25] [26] Leske et al 11 found an association between systemic and ocular hypertension and between high DBP and open angle glaucoma. They found that treatment for systemic hypertension was not associated with increased risk of open angle glaucoma, but made no mention of a possible protective effect. They did find an association between low perfusion pressure and open angle glaucoma. In summing up, they concluded that they could not find an independent effect of blood pressure on open angle glaucoma. While we cannot directly test for an association between change in blood pressure and risk of glaucoma, our data are compatible with the possibility that lowered blood pressure is associated with lower IOP. This may well have a positive benefit in the future for reduction in risk of open angle glaucoma.
In multivariable analyses, we found that those who took antihypertensive agents at baseline only had increased blood pressures as well as increased IOPs at follow up. This could represent a rebound effect. We also found that diabetes at the baseline examination was significantly and positively associated with change (increase) in IOP. Diabetes has been found to be associated with increased IOP in other studies, [27] [28] [29] although the reasons are not known.
A limitation of our study is that all those evaluated at the baseline examination did not participate in the follow up 5 years later, and the majority of non-participants had died. Since cardiovascular disease is the leading cause of death, it is possible that this has had an effect on our estimates of a relation between change in blood pressure and change in IOP. Since we are likely to have lost those with highest blood pressures, in the range we could test, we found no differences in the relation between change in IOP and change in blood pressures. In addition, our cross sectional estimates of the relations between blood pressures and IOP were similar for the baseline and for the 5 year examination, suggesting that there may not have been much effect of the loss as a result of mortality. We note that only one IOP measurement was taken in each eye at each visit. Measurement error would influence our estimate of relations. We expect that such variability would be random and might bias our results to the null. 
